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SUMMARY

This report consists of three sections: (1) The second monthly
progress report; (2) a comparison of aevéral syaténa; and (3) a proposal to
extend the Engineering Study. |

The progress report covers the period 1-28 May, reporting on ‘the
same éategories of activity as the first report.

The comparison of several systems presents lvtab‘ulat summary of
parasmeters as well as a discussion of some salient considerations, both general

and specific. A recmeudaiim as to the best type of system, the twin-camera

. panoramic scanning type, is wmade.

In the last section of this report, the value of continuing the
Engineering Study and initiating the Engineering Design without an interruption
at 30 June 1959 is discussed, and it is proposed that an extended program be

implemented prior to the conclusion of the present activity on 30 June 1959.

i.

Declassified in Part - Sanitized Copy Approved for Release 2012/06/18 : CIA-RDP89B00487R000400730032-7



Declassified in Part - Sanitized Copy Approved for Release 2012/06/18 CIA-RDP89B00487R000400730032-7

INDEX

Title | Page
Summary | _ i
May Progress : - v 1
Analysis & Recommendation 7
Proposed Program Extension © 18

Appendices: |

A. Modulation Transfer Functions 19
B. Outlines of Bay Volumes 31
C. Lenses & Installations . 37

D. Optical Analysis of 24" £/6 Shell-Schmidt System 50

E. Pertinent Reports 53

ii.

Declassified in Part - Sanitized Copy Approved for Release 2012/06/18 : CIA-RDP89B00487R000400730032-7 ..



Declassified in Part - Sanitized Copy Approved for Release 2012/06/18 : CIA-RDP89B00487R000400730032-7

ki MAY PROGRESS
ACTIVITIES
Our activities have been.classified into three categories, roughly
according to priority:
(1) Those problems to which effort must be applied immediately .
(2) Those problems to which solutions should be obtained before a ££n11 system
selection is made
(3) Those problems to vhich solutions should be obtaiﬁed after the final system
s@léction, but before June 30, 1959
The problems are listed below with statements of work done and
gpecifically planned Qork.

CATEGORY 1

LIAISON visited the Vehicle Contractor on 14 May. Although pay- STAT

load location was the.principal point of discussion, vibration and etabilization
of the vehicle, electrical shielding of the window, and bay enviromment were

also considered.

LENS DESIGNS Ray traée computations were programmed and performed for the shell-
Schmidt system. Other designs, more familiar to the Optical Designers, have not
required programming. Tﬁe most promising designs are described in the tnbulation
section of this report.

MODULATION TRANSFER FUNCTIONS FOR LENS-FILM These have been calculated for all
systeﬁs, ;nd appear in Appendix A.

SPECIFY LENS The besf lenses for the various configurations have been selected,
and are listed in the tabulation section of this réport. Final selection is to be
made after further consideration. |

AERIAL SCERE SPECTRA  All purchased parts have been received. The apparatus is
90% complete. The first tests should be run late this week or early next week.

Aerial scenes have been received.
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WIRDOW The window investigation is progressing satisfactorily along the

lines outlined in the previous progress report.

CAMERA ARRANCEMENT IN BAY The general layout of each system has been made.
Until mockups of the selected bay and system are made, it will be impossible

to say with assurance that wechanical compromises will not be required. However,
the tabulated systems should fit in the specified volumes..

STRUCTURAL DESIGR RNo work tob date

PILM TRAHSPOPT Ro work to &te

BAY ENVIROE‘!ENI’ PDiscussed with vehicle contractor

VIBRATION CONTROL METHODS A contract with the vibration consultants has been
written, and they are establishing principles for the isolation of systems with
either two or three axis stabiligation. |

v/H SERSOR Several methods, including the one described im Engineefihg.képort
5394 b:ave been investigated and found to be feasible. A sixﬁple systenm using a
grid nay be usable. Tbis. will depend upon the sceme spectra, which will be known
as.a result of the Aerial scene investigation. A visit was made to the Aviom

Division of ACF at Paramus, New Jersey. A working breadboard of a lv/H sensor

was examined. This sensor could possibly be applied to this program in a modified

form. Companies known to menufacture V/H sensors will be solicited to ascertain
the posaibility of obt.a:lning an existing component or system.

STABILIZATION Components capable of sensing chaqges in rate and position much
smaller than will be needed have been found to exist. The problem to resolve,

therefore, is that of the stabilization loop dynamics. Until a final system is

- chosen, this camnot be done.

RELIABILITY CONTROL METHODS The outline of a reliability programs has been made
and will be further expanded.

SERVOMECHANISMS So far all necessary components have been found .to be either
purchasable hardware or practical iﬁodificationa of existing components.

POSITIONING METHODS Ko further activity in May.

2
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ELECTRICAL COOLING Spot colling by thermoelectric methods is practical, and
hardware can be procured. There are limits to the volumes which can be cooled
by this method. At the present time generation'of electrical pover from excess
vehicle heat is theoretically posaible, bﬁt not too practical.
CATEGORY 2
FIIM SELECTION Kodak films are known, and we are still awaiting information
from Ansco. The May 13th meeting with Dupont was held as scheduled. Our
requiréments were stated and the theory of response curves was discussed. A
two part program was agreed upon: |
Part I-Dupont will investigate their present emulsions and determine what, if
anything, can be modified to meet our needs. Part II-A further meeting will be
held At their laboratories to discuss a research program to develop a new
emulsion, and to set up instrumentation for measuring response charactefistics
of €ilm, s

It was their "unofficfal” feeling that a suitable emulsion seems

realistic for a year from now.

NADIR INDICATION . Mo activity in May
PREFLIGHT TEST METHODS No activity in May B
PROGRAMMING ORDER No activity in May
CYCLING METHOD ‘ No activity in May

CAMERA MODULATION FUNCTION These have been estimated for all systems, and are
shown in Appendix A.
SCANNING METHOD 1Indicated in tabulatiem.

IMC METHOD 1Indicated in tabulation. Details must be worked out in selected

system.
POSITIOHING TOLERANCES Fo activity in May
AUTOBALARCE . No activity in May

MAGRETIC FILM The application of magnetic films on Cronsr bases seems feasible

for our application according te preliminary discussion with Dupont.
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VIBRATION ISOLATION DESIGHN No work yet. Specification will be ready by
30 June.

WEIGHT ESTIMATE Provided for in tabulation.

SLIT DESIGN No activity in May
LIGHT SEALS No activity in May
CATEGORY 3 .

POWER CONVERSION No activity in May
POWER RECULATION No activity in May
CONTROL PANEL Ho activity in May
DATA CHAMBER No activity in May
TEMPERATURE CONTROLS Fo activity in May

12 MONTH PROGRAM  Preliminary outline has been wade.
12 MONTH PERSONNEL No activity in May
12 MORTH COSTS No activity in May
EXPOSURE CONTROL METHOD SENSOR  No activity in lMay
AUTOMATIC FOCUS SPECIFICATION activity in May

activity in May

No
CATOGRAPHIC FEATURES No activity in May
FAIL SAFE CONTROL No

| Ko

~ CAGING METHODS activity in May

PROGRAM ORGANIZATION

The core of the Engineering group eventually required is no;v at work
on the program. The personnel are: |
R. M. Scott - Vice President, Reconnaissance & Program Director
Physicist & Project Engineer STAT
Optical Physicist
Opti;:al Engineer, Windows
Optical Engineer, Aerial Spectra
Eiectronic Engineer

Junior Electronic Engineer
4
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N ' - Lead Designer STAT

Engineering Control Coordinator

The scheduled and applied hours are shown in Figure 1.

" Engineering Report No. 5442 - | 5
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ANALYSIS AND RECOMMENDATION

SUMMARY

The study ;ctivity to date has been directed toward the general
definition of a special purpose photographic reconnaissance system. The

performance specification for this system consists of four principal parts:

(1) Ground resolution of one foot; (2) high reliability; (3) small size

(to fit within specified volumes, as shown in Appendix B); and (4) large

area coverage. The value judgements applied in our study have been t§

rate operational resolution as the pre-eminent characteristic. However,

this hgs been substantially tempered by the other specifications, particularly
size. Within these limitationms, gan systems have been considered, and the
parameters of these systems are'tabulated in Figures 2, 3, 4 and 5.

In view of the importance of the operational resolution capability
factor, this information has been recorded for each system and is presented
in Figures 6 and 7. For comparison with the systems under comnsideratiom,
similar data is also presented showing the resolution capability of the
existing B configuration. This comparison data for the B configuration
is .drawn in two curves; one representing resolution capabilities of the
B under similar altitude conditions as those under which all the other
systems are considered, labeled B system, new vehicle, and the other,
labeled B system, old vehicle, representing its present resolution
capabilities.

Figure 7,which is an expanded version of Figure 6, shows resolution
in feet on the ground, as a function of object modulation (contrast).
Examination of Figure 7 shows that system 4A, the 22-inch £/2 Flugge

system is capable of the highest resolution. For a high contrast object,

Engineering Report No. 5442 7
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o the analysis indicates that this system will resolve 1.1 feet on the
ground; while for a medium contrast object (.78), it will resolve 1.2
feet on the ground. Figure 7 allows a comparison to be made of the
relative merits of each system from a resolution point of view.

The transfer functions from which these curves have béen developed
are contained in Appendix A, and rgpfesent our best engineering judgement -
at this time. It is important to emphasize that the predictions contaimed
in Figures 6 and 7 are estimates and must necessarily remain so until
a great mass of experimeﬁtal data can be obtaiﬁed{ Naturally, the curves
will be modified from time to time to conform to the wost recent accurate

information available.

SPECIAL LIMITATIONS

There are two special]initationa,gone physical and one practical,
which could greatly alter fhe petforma;ce predictions. Both of these are
receiving attention.

The first limitafion i8 seeing, which encompasses optical deterior-
ation due to atmospheric, bouidary layer and window effects. The resultant
degradation due to this cause has been estiﬁated (to an order of magnitude)
and present analysis indicates that this may be a slight limitation on
resolution performance capability. Until the actual vehicle is in operationm,

‘. the best that can be done is to further consider the atmospheric and
boundary layer effects from a theoretical point of view and the window
effects by a.theoretical and experimental analysis. An experimental
program is under way.

The second limitation is that of passively sensing V/H rates. Investi-
gations indicate that preseni components give good reason for optimism for

achieving a workable system capable of the required ome percent accuracy.

Engineering Report No. 5442 8
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1f information is obtained to grossly alter our present evaluation

of these limitations, a re-estimate of performance will be submitted.

SPECIFIC SYSTEMS

Reference is oﬁce again made to Figures 2, 3, 4 andVS, which tabulate
the salient features of the several systems considered. System 1-A is
the system discussed in Engineering Report 5394; system 4-A is a scaled-up
version of it; and systems 1-C and 4-C merely employ different lemnses in
the same general configuration. (See Appendix C.)

A method, described in Engineering Report 5394, was developed
which permitted constant film tramsport. This method was based on the:
fact that the lens cell would rotate about a point other than its center
of gravity. However, at least in the case of system l-A, due to space
limitations, the lens cell must rotate about its cemter of gravity. This
will reqbire mechanizationlof inconstant film transport. There are factors
which indicate that for the 1-A system, it might be easier to mechanize an
inconstant film transport than to attempt to rotate the cell about a
point other thamn its center of gravity, regardless of the space limitation.
System 4-A, which is not space limited, may more easily adapt to mechan-
ization affording constant film transport. Systems 1-C and 4-A have the
center of gravity close to the desired point of rxotation, and therefore
may be easy to mechanize.

Systems 1-B and 4-B are scaled-down versions of the shell-Schmidt
proposed by JGB in a letter dated 30 March 1959. A comprehensive optical
analysis of the 24-inch f/6 shell-Schmidt lens is contained in Appendix D.
The problems of vibration, film deformation to a spherical focal surface,

and shuttering still appear prohibitive.

Engineering Report No. 5442 9
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. Systems 2-A and 3-A are typical of the type of system dictated by
" the volumes for which they are proposed. Since both volumes severely
restrict scanning capability, transverse coverage is provided by the lens
field-of-view. 1In the case ofIVolune 2, the system must lie on its side,
and a 45°- flat mirror provides downward viewing; and consequently a

small aperture is desirable to permit a small mirror.

RECOMMENDATION

The twin-camera panorémic scanning system, as described in Engineering
.Report 5394, is recommended. The advantages of this type system are
impressive: (1) Two photographic units, providing additional insurance
agaigst incompleté mission coverage; (2) no shutter or vacuum platen;

(3) convergent photography; and (4) narrow field lenses which have in-
herently high performance. The choice of 8 particular mfracting or
reflecting lens for this system will be made after the problems of film
transport and scanning have been considered along with the choice of
photographic scale.

The specific problem, mentioned in Engineering Report 5394, of
suitably baffling the Flugge lens has been solved so successfully that
it provides higher performance off-axis than on-axis. The general problems
of seeing, sensing V/H accurately, and film transport are common to all
systems, and are neither more nor less troublesome with the»recommended
systems tham with the other systems.

The question of which system can be employed depends, in part, on thé
volume selected. Naturally, all other things being equal, the largest
volume is most attractive from the point of view of the reconnaissance
system. Consideration must also be given to the effect that volume choice

has upon vehicle performance and operation.

Engineering Report No. 5442 _ lp
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It is our understanding that the choice of volume 4 could place a
considerable hardship upon vekicle performance. Inasmuch as the differences
1o the performance predictions of the several teconnaissance systéms are
within the accuracy of prediction, and since the difference in preaicted
performance levels for the 17.5 and 22-inch Flugge lens systems is
relatively small, it seems appropriate to base the decision largely on
vehicle expediency. This leads us to suggest use of wolume 1 or a
volume between volume 1 or volume 4 (from station 96 to 144). However,
-this choice i{s outside our Jurisdiction; although we are both willing

and desirous of pirticipating in discussions leading to a final selection.

Engineering Report No. 5442 11
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° ‘ PROPOSED PROGRAM EXTENSION

BACKGROUKD

The present Engineering Study is scheduled to end 30 June 1959 with
the establislmept of the ptincipleé and overall design concepts for a photographic
reconnaissance system of maximm cspabilify. Following this, about one year
is available in which to design, manufacture, and assemble the system.
PROPOSAL | .
Since the period for design, manufacture and assembly is ahort,'it
is our feeling that we should commence that activity om 1 July. To permit this,
it 1is prop@sed that the present contract be extended now to cover Engineering
Design work daring the period 1 July - 30 Sebtember 1959. (All personnel take
vacation 1-16 August 1959, so it is an eleven week work period.)

During this period, expeiimental activities will be expanded to include
Bngiﬁeeting breadboards and mockups. Design work will commence on the particular
system selected during June, and some of the detailed manufcci:uting drawings -
particularly those for léng lead items -~ will be completed.

Liaison with the vehicle contractor, film manufacturers, and the

customer will be continued. Reports will be submitted 31 July, 4 September and

30 September.

Engineering Report No. 5442 _ ‘ 18
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APPENDIX A:

MODULATION TRANSFER FUNCTIONS

8 1-A  17.5" £/2 Fligge
9 1-B 18" £/6 Shell-Schmidt
.10 1-c 6" £/2 Ball or Petzval
11 © 2-A 24" £/6 Aerial
12 3-A 24" £/3.5 Aerial
13 ' 4-A 22" £/2 Flugge
14 . , 4-B 24" £/6 Shell-Schmidt
15 . 4-C 9" £/2 Ball or Petzval
16 B System
Engineering Report No. 5442 ' 19
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APPERDIX B:

OUTLINES OF BAY VOLUME

FicuRe voLUME
Y | ] | Overall Layout
18 : Volume 1
19 : Volume 2
20 | Volume 3
21 Volume lo'

Engineering Report No. 5442 31
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OUTSIDE DIMENS/IONS

FIGURE /7 OVERRARLL LAY OUT
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INSIDE  DINENS/ONS

FIGURE 1§ | VOLUME 1
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INSULARTION

INSIDE DINMENSIONS

FIGURE /2 YOLUME. 2
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FIGURE 20 , VOLUME 3
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APPENDIX C:

LENSES & INSTALLATIONS

FICURE LENS AND/OR INSTALLATION

22 Side view, 17.5" Fldgge, installed
23 Fronf view, 17.5" Flugge, installed
24 Top view, 17.5" Fligge, installed
25 Fltgge lens with baffles
26 Ball lens
27 Petgval lens
28 | Side view, 24" Shell-Schmidt- Sol attack angle
29 Side view, 24" Shell-Schmidt- 8° attack angle
30  Front view, 24" Shell-Schmide
3t Top view, 24" Shell-Schmidt
32 General arrangement, system 2-A
| 33 General arrangement, system 3-A

37
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FIGURE 3/ TOP VIEW, 2% SHELL: SCHIMIDT
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" APPENDIX D
OPTICAL ARALYSIS OF 24 INCH £/6
SHELL SCHMIDT SYSTEM
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Sy e

BAKER 247 £/6 SHELL SYSTRM

The firat step in examining the potentialitiea of this uide-angle

(60°) system consisted of strengthening the shell to rednce, but not entirely

. remove, the apherical aberration at 0° field. Rext, an asphericity of fonrth

degree wvas applied to the second eurface of the crown elenent (located at the
coumon center of curvature of shell and nirror) Ihe amount of aaphericity

was choeen to remove the third order residual of spherical undercorrection.

_Aa unuld be expected ray-tracing indicated a conaiderable amount of spherical

_overcorrection, and this was temoved with undercorrecting terms in the aepherie

polynonial of aixth eighth and tenth degree.
While naking the trials to evaluate these terms, it was necessary

to examine the performance of the aysten both axially and at an arbitrerily

.choaen field angle of 25°, Sets of 35 rays equally distributed over the f/6
'Zpupil erea vere uaed and the'focua was selected to minimize the spread of
‘the~raya. In addition to these tuu field angleo, ray-bnndleo were traced at .
‘_+6 and -6° in the z direction (filn-width direction) Although perhaps a

:little more optinizing of the aopheric would be called- for, nevertheless all

field angles traced shoued a concentration of at leaat 80% of the aperture

within @ dismeter of 10 nicrone, and some within 5 nicrona.

It ehould be noted that thia investigation was purely monochromatic im

;order to save time. It 1is very likely hovever that chronatic effects can be

_ thoroushly corrected since the. firat-order powers of the doublet eleuents at

“the center of. curvature take care of the prinary contributione of the ahell

'and a proper division of the asphericity between croun and flint abould be

aufficient to take care of the hisher-order chro-atic errore. The aapheric

curve arrived at (before high-order achronatization) has zZero vertex curvature,

. a maximum elevation equal to 25 waves of green light occoring at 851 of the

51
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r’l ' o £/1.4 aperture, and an edge elevation of 7 uavés of green iight. After
achromatization, one element would carry an asphericity of about this same

r"p .
stt.'ength, and the other would carry one about twice ag strong.
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APPENDIX B

LISTING OF PERTINENT REPORTS
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The following is a list of pertinent reports concerning this

r
P: program:

i
- DAIE

: 1 'Fei:ruary 1959
] .

2 March 1959

hl

- (\., 30 March 1959
LJ 13 April 1959
ﬂ 1 May 1959
I

NUMBER TITLE

Aerial Reconnaissance System
Progress Report No. 1

5394 High Acuity Reconnaissance
' Systems for A High Perform-
ance Afrcraft

____ _ Lc,ttetf from JCB to Program
o Director :
. 5414 | |project Pram .. STAT

13 April - 30 June 1955

5424 ‘ Shogreas Report No. 1ISTAT
: 14-30 April 1959

54
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